INTRODUCTION
============

Worldwide, colorectal cancer is the fourth most common cancer in men and the third most common cancer in women. Each year more than 1 million new diagnoses are made and more than 500,000 die of the disease ([@B1]). Similarly, in Korea, colorectal cancer is a major cause of morbidity and mortality. The majority of colorectal cancers arise from preexisting adenomatous polyps ([@B2]), which can be classified as diminutive (≤ 5 mm), small (6-9 mm), sub-centimeter (\< 10 mm), or large (≥ 10 mm) ([@B3][@B4]).

Hassan et al. ([@B3]) in an analysis of four studies, which included 20,562 screening subjects, found that advanced adenoma was detected in 1,155 (5.6%), and that diminutive, small, and large polyps accounted for 4.6%, 7.9%, and 87.5% respectively. In another study, advanced adenoma among small polyps was found to be relatively common (rates ranged from 6.6% to 12.5%), which was primarily attributed to the presence of villous features ([@B5][@B6]).

The management strategy for diminutive and small colorectal polyps has not been defined. However, a change in the paradigm of the western colonoscopic management of diminutive colorectal polyps was suggested recently. This is new strategy, which is referred to as the \'predict-resect-and-discard\' policy, involves dispensing with postpolypectomy pathological examinations to improve the cost-effectiveness of screening colonoscopy ([@B7][@B8]).

According to the widely accepted adenoma-carcinoma sequence, which can explain \> 80% of colorectal cancers development, colorectal cancer screening of average-risk adults is based on adenoma detection, especially the detection of advanced adenoma. Colonoscopy enables detection and removal of precancerous lesion, and may effectively prevent up to 90% of colorectal cancers ([@B9][@B10]).

Recently, due to the increased use of colonoscopy for health promotion, the detection rates of diminutive and small polyps are showing rapid increases. Previous studies on colorectal polyp in Korea have almost all focused on large polyps (≥ 10 mm). In the present study, we investigated the clinicopathological characteristics of diminutive and small polyps and sought to identify the risk factors of advanced adenoma.

MATERIALS AND METHODS
=====================

The medical records of 4,711 patients who underwent first colonoscopy at our hospital from January 2009 to December 2012 were reviewed retrospectively. The exclusion criteria applied were: 1) a diagnosis of colorectal cancer or a history of colectomy, 2) inflammatory bowel disease and subepithelial lesion or hereditary polyposis syndrome, 3) lack on information regarding polyp size and morphology of histologic findings, 4) a polyp of ≥ 10 mm, 5) previous colonoscopy for polypectomy or as a follow-up study. However, cases with confirmed malignancy after biopsy or endoscopic mucosal resection were included in the analysis.

Of the 2,525 patients, 4,704 polyps with diameter \< 10 mm were detected. Polyps were classified into diminutive polyp (≤ 5 mm) or small polyp (\> 5 mm and \< 10 mm). Anatomic locations where classified as cecum, ascending colon, transverse colon, descending colon, sigmoid colon, and rectum, and they were reclassified into right side and left side colon polyp. Right-sided polyps were defined as proximal to and including the splenic flexure up to cecum, and left-sided polyps were defined as distal to the splenic flexure. Patient characteristics, and polyp sizes, gross morphologies, locations, and histologies were evaluated. Gross morphologies were classified as pedunculated (Ip), subpedunculated (Isp), sessile (Is), or flat polyp (IIa), and histologies as tubular adenoma, tubulovillous adenoma, villous adenoma, intramucosal adenocarcinoma, hyperplastic, lymphoid hyperplasia, and chronic inflammation. We also reclassified colorectal polyps histologically as neoplastic (adenomatous) or non-neoplastic (hyperplastic). Advanced adenoma was defined as villous or tubulovillous with or without high-grade dysplasia or intramucosal carcinoma that is determined histologically, a size of ≥ 10 mm, or \> 3 polyps per patient ([@B11][@B12][@B13]).

We calculated the proportion of advanced adenomas among small and diminutive polyps and evaluate the risk factors of advanced adenoma in polyps of \< 10 mm by comparing patient\'s clinical characteristics advanced and non-advanced adenoma.

SPSS version 15.0 for Windows (SPSS Inc., Chicago, IL, USA) was used for the analysis and *P* values of *\<* 0.05 were considered statistically significant. Results are expressed as means ± SDs (continuous variables) or as percentages (categorical data). Differences in clinical characteristics were explored using the χ^2^ test (categorical variables) or by analysis of variance (quantitative variables). Binary logistic regression analysis was used to identify risk factors of advanced adenoma.

Ethics statement
----------------

The study protocol was approved by the institutional review board of Yeungnam University Hospital (IRB No. YUH-13-O37). Informed consent was exempted by the board.

RESULTS
=======

Baseline characteristics of patients and polyps
-----------------------------------------------

In the study population, the male to female ratio was 1:0.65 and mean age was 56.2 ± 13.0 years. Of the 4,711 patients, 2,525 (53.6%) patients were found to have polyps and total 5,058 polyps were detected. Of the 5,058 polyps, 93% (4,704) were \< 10 mm, 2,230 polyps (47.4%) were right-sided and had mean size of 4 ± 2 mm. A cold biopsy technique was used for 82.2% of the polyps and the others were removed by standard polypectomy. Of the 4,704 polyps sized \< 10 mm, adenomatous (neoplastic) polyps were detected in 58.7% (2,761/4,704) ([Table 1](#T1){ref-type="table"}). Of the 2,761 cases, 1,858 were diminutive (67.3%) and 903 were small (32.7%). Regarding, non-neoplastic and other histologies, 16.0% (754/4,704) were hyperplastic polyps, 24.0% (1,129/4,704) were attributed to non-specific inflammation, and 1.3% (60/4,704) to lymphoid hyperplasia. Among the 4,704 polyps sized \< 10 mm, advanced adenomas were noted in 0.6% (28/4,704). Among them, 19 had a villous component, 3 were of high-grade dysplasia, and 6 were of adenocarcinoma ([Table 2](#T2){ref-type="table"}). Mean size of advanced adenomas was 6 ± 2 mm, the sessile type was the most common and were most commonly detected in rectum ([Table 3](#T3){ref-type="table"}).

###### Baseline characteristics

![](jkms-31-1426-i001)

  Variables                                                  Findings
  ---------------------------------------------------------- ---------------------
  Age, yr                                                    56.2 ± 13.0
  Gender (male: female)                                      1:0.65
  Detection rate of polyps, No. with polyp/No. of examined   2,525/4,711 (53.6%)
  Mean number of polyps per patient                          2.0 (5,058/2,525)
  Rate of sub-centimeter (below 10 mm) polyps                4,704/5,058 (93.0%)
  Rate of sub-centimeter (below 10 mm) adenomas              2,761/4,704 (58.7%)

###### Analysis of the 4,704 polyp(s) with a diameter of less than 10 mm

![](jkms-31-1426-i002)

  Variables                Findings
  ------------------------ ---------------
  Size, mm                 4 ± 2
  Distribution             
   Right                   2,230 (47.4%)
   Left                    2,474 (52.6%)
  Histology                
   Tubular adenoma         2,733 (58.1%)
   Tubulovillous adenoma   18 (0.4%)
   Villous adenoma         1 (0.02%)
   Serrated adenoma        7 (0.1%)
   High grade dysplasia    3 (0.01%)
   Adenocarcinoma          6 (0.1%)
   Hyperplastic polyp      754 (16.0%)
   Chronic inflammation    1,122 (23.9%)
   Lymphoid hyperplasia    60 (1.3%)
  Advanced adenoma^\*^     28 (0.6%)

^\*^Villous or tubulovillous polyps and/or high-grade dysplasia or intramucosal carcinoma.

###### Characteristics of advanced and non-advanced adenoma

![](jkms-31-1426-i003)

  Variables       Advanced group   Non-advanced group   *P* value
  --------------- ---------------- -------------------- -----------
  Age             65.4 ± 9.6       61.2 ± 11.1          0.030
  Gender                                                
   M:F ratio      1:0.87           1:0.40               0.038
  Size                                                  
   Diminutive     6 (21.4%)        1,852 (67.8%)        \< 0.001
   Small          22 (78.6%)       881 (32.2%)          
  Mean size, cm   0.6 ± 0.2        0.4 ± 0.2            0.005
  Shape                                                 
   Is             12 (42.9%)       1,530 (56.0)         0.142
   IIa            8 (28.6%)        780 (28.5)           
   Isp            6 (21.4%)        390 (14.3)           
   Ip             2 (7.1%)         33 (1.2)             
  Distribution                                          
   Right          14 (50%)         1,522 (55.7%)        0.547
   Left           14 (50%)         1,211 (44.3%)        

M, male; F, female; Ip, pedunculated polyp; Isp, subpedunculated polyp; Is, sessile polyp; IIa, flat polyp.

Advanced vs. non-advanced adenoma
---------------------------------

Patients with advanced adenoma were significantly older than non-advanced adenoma group (65.4 ± 9.6 vs. 61.2 ± 11.1, *P* = 0.03). Furthermore, the proportion of males was significantly higher in the advanced adenoma group (15:13 vs. 71.4:28.6, *P* = 0.038). Among 28 advanced polyps sized \< 10 mm, 6 were diminutive polyps and 22 were small polyps. Advanced adenomas were larger than non-advanced adenoma (6 ± 2 mm vs. 4 ± 2 mm, *P* = 0.005). Advanced adenomas were detected in the rectum (28.6%), A-colon (25%), and T-colon (14.3%). However, the distribution of advanced adenomas of \< 10 mm was equal for right and left sides (right:left = 14:14). The shape of advanced adenoma consist of Is (42.9%), IIa (28.6%), Isp (21.4%) and Ip (7.1%). There is no meaningful statistical difference in shape and distribution between advanced and non-advanced adenoma ([Table 3](#T3){ref-type="table"}). Histologically, tubulovillous adenoma was noted in 18 (64%), villous adenoma in 1 (4%), high-grade dysplasia in 3 (11%), and adenocarcinoma in 6 (21%). All of the high-grade dysplasias were detected in men and sessile type. Adenocarcinoma was also noted in 6 patients, and was more common in men (4 cases vs. 2 cases, *P* = 0.024). Among the carcinomas, three involved diminutive polyps. Adenocarcinoma rates were similar for right and left colons.

Risk factors of advanced adenoma
--------------------------------

For small and diminutive polyps, age, gender, and polyp size were significantly different for advanced and non-advanced adenoma. Patients older than 65 had more advanced adenoma (*P* = 0.033, OR 2.287), men had a higher risk of advanced adenoma than women (*P* = 0.043, OR 2.166), and small polyps had a 6-fold higher risk of advanced adenoma than diminutive polyps (*P* \< 0.001, OR 6.306). Multivariate analysis showed that an age of \> 65, a male gender, and a polyp size \> 5 mm were risk factors of advanced adenoma for polyps \< 10 mm ([Table 4](#T4){ref-type="table"}).

###### Multivariable analysis for the risk factors of advanced adenoma among small and diminutive polyps

![](jkms-31-1426-i004)

  Variables           Odds ratio   95% CI         *P* value
  ------------------- ------------ -------------- -----------
  Old age (≥ 65 yr)   2.287        1.067-4.902    0.033
  Male sex            2.166        1.026-4.573    0.043
  Size (\> 5 mm)      6.306        2.671-14.891   \< 0.001

CI, confidence interval.

DISCUSSION
==========

Colonoscopy studies have reported that colorectal adenoma could be detected 40% in those aged \> 50 years ([@B14][@B15]). In the present study, polyps of \< 10 mm constituted the majority (93%) detected by colonoscopy. Recently, a \'resect and discard\' strategy was recommended for small polyps based on considerations of cost effectiveness. Before such strategy is adopted, we need to be aware of the clinical significance of colorectal polyps of \< 10 mm. However, few Korean studies on diminutive or small polyps have been reported during the last ten years. Accordingly, the aim of the present study was to evaluate the clinical significances of diminutive and small polyps by analyzing clinical characteristics and by determining the frequency of advanced adenoma.

In the present study, the overall percentage of polyps of \< 10 mm was 93.0% (4,704/5,058) and of these 58.7% (2,761/4,704) were adenomatous (1,858 diminutive and 903 small), which concur percentages obtained in the West. Furthermore, the frequency of advanced adenoma determined in the present study was also similar to those determined by previous western studies ([Tables 5](#T5){ref-type="table"} and [6](#T6){ref-type="table"}) ([@B5][@B16][@B17]).

###### Histologic results of advanced adenomas according to polyp size

![](jkms-31-1426-i005)

  Variables                     No. (%)     
  ----------------------------- ----------- ------------
  Tubulovillous adenomas        4 (66.7)    15 (68.2)
  Villous adenomas              0 (0.0)     1 (4.5)
  High-grade dysplasia          0 (0.0)     2 (9.1)
  Intramucosal adenocarcinoma   2 (33.3)    4 (18.2)
  Total                         6 (100.0)   22 (100.0)

###### Prevalence of advanced adenoma by polyp size

![](jkms-31-1426-i006)

  Studies                                 No. (%) of advanced adenoma by size                                      
  --------------------------------------- ------------------------------------- ---------- ----------- ----------- -----------
  Pickhardt et al. ([@B16]) (n = 1,233)   1 (0.08)                              6 (0.5)    7 (0.6)     48 (3.9)    55 (4.5)
  Kim et al. ([@B17]) (n = 3,163)         3 (0.09)                              11 (0.3)   14 (0.4)    103 (3.3)   139 (6.4)
  Lieberman et al. ([@B5]) (n = 13,992)   45 (0.3)                              62 (0.4)   107 (0.8)   737 (5.3)   844 (6.0)
  The present study (n = 5,058)           6 (0.1)                               22 (0.4)   28 (0.6)    254 (5.0)   282 (5.6)

Colorectal cancer (CRC) screening aims to reduce CRC mortality by identifying and subsequently removing advanced adenoma. However, the frequency of advanced adenoma are rare in diminutive or small polyps, and therefore, the limited clinical significance of polyps of \< 10 mm supports the recently proposed \'resect and discard\' strategy ([@B7][@B18]).

Previously, many authors have suggested that the risk factors of advanced adenoma are strongly associated with polyp size, location ([@B19][@B20][@B21]). And current reports have identified a male gender, old age, obesity, and cigarette smoking as independent risk factors of advanced adenoma ([@B19][@B20][@B21]). In spite of efforts to identify the risk factors of adenomatous colonic polyps, study is lacking regarding the risk factors of advanced adenoma for polyps of \< 10 mm. In the present study, polyp size, male sex, and an age of \> 65 were found to be independent risk factors of advanced adenoma. An advanced age has been previously associated with advanced histology amongst polyps of \< 10 mm ([@B5][@B6][@B22]).

The American Society for Gastrointestinal Endoscopy (ASGE) has recommended two strategies, namely, a \'predict-resect-and-discard\' strategy without pathological assessment for non-rectosigmoid lesions of \< 5 mm and a \'predict-and-do-not-resect\' strategy for rectosigmoid diminutive polyps predicted to be hyperplastic by electronic chromoendoscopy (EC) ([@B18]). These strategies offer cost savings with respect to polypectomy and postpolypectomy pathological examinations in a substantial proportion of cases. However, EC-based strategies require careful reassessment of current postpolypectomy surveillance guidelines ([@B23]).

In the present study, the percentage of hyperplastic polyp in the rectosigmoid colon was 11.0% (555/5,058), and most (98.2%) were \< 5 mm in diameter. Generally, most hyperplastic polyps are small, are found on the left side, and are not associated with an increased risk of colon cancer. Therefore, routine comprehensive resection for diminutive or small hyperplastic polyps of the rectosigmoid colon could be unnecessary. However, in Korea, a \'predict-resect-and-discard\' strategy could not be adopted because electronic chromoendoscopy data is limited and the technique is not commonly available.

According to current western trends, uniform resection of diminutive polyp is not recommended for reasons of cost effectiveness in countries with high medical costs. Furthermore, the complete resection rate of subcentimetric lesions by forcep biopsy is not satisfactory and removal might have no clinical meaning. Nevertheless, regardless of size, advanced polyps, especially advanced adenoma, should be removed completely.

This study was undertaken to determine the proportion of advanced adenomas among diminutive and small polyps and to identify the risk factors of advanced adenoma. In the present study, when polyp size was restricted to \< 10 mm, the rate of advanced adenoma was 0.6%, and for diminutive polyps, the rate of advanced adenoma was only 0.1%. Although two cases of intramucosal adenocarcinoma were found among diminutive polyps, the clinical significance of diminutive polyps is extremely low when we consider the incidence. However, in countries like Korea, where the costs of colonoscopy and polyp resection are relatively low, efforts to detect small and diminutive polyps can be helpful. Furthermore, in view of relatively high missing rate of polyp, incomplete resection rates and relatively low medical costs, in Korea, meticulous efforts are needed to find and remove polyps of \< 10 mm completely, especially in older men with a polyp of \> 5 mm. We suggest more study be undertaken to determine the efficacy of resecting diminutive polyps.

The present study is intrinsically limited by its retrospective nature. In addition, the accuracies of polyp sizes are questionable because they were determined using endoscopic findings. Furthermore, the achievement of complete resection was indeterminate in many cases, because resection margins were not detailed in pathologic reports. However, the present study involved a larger cohort than previous studies, and efforts were made to minimize errors having an endoscopist review endoscopic findings.

Summarizing, in our center, the prevalence of polyps of \< 10 mm was 93%, and the advanced adenoma rate for these polyps was 0.6%. Polyp size ≥ 5 mm, a male gender, and an age of \> 65 years are identified risk factors of advanced adenoma for polyps of \< 10 mm in this study. Although the risk is low, meticulous attention is required to avoid missing and to achieve complete removal of advanced adenoma among polyps smaller than 10 mm, especially in the patients with these three risk factors.
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